Purpose of the Study: This study examined whether the social environment moderates the relationship between the APOE e4 allele and cognitive functioning. Design and Methods: The Aging, Demographics, and Memory Study (ADAMS) data and multinomial logistic regression models were used to investigate these relationships for a nationally representative sample of U.S. adults aged 70 and older (n = 779). Results: Living alone (relative risk ratio [RRR] = 5.814; p = .000) and self-reported loneliness (RRR = 1.928, p = .049) were associated with a greater risk of cognitive difficulty. Living arrangements, perceived social support, and loneliness were found to moderate the relationship between the APOE e4 allele and cognitive function. Implications: The results support the need to consider the social context when examining cognitive well-being in later life. These findings also indicate a need for the development of policies and services that promote a rich social environment.
The APOE e4 allele is a risk factor for late onset Alzheimer's disease (Cruchaga et al., 2012) , as well as for other types of dementia (Kobayashi et al., 2011) . However, this allele is neither necessary nor sufficient to cause disease development, as environmental influences play a role in disease expression (Bekris, Yu, Bird, & Tsuang, 2010) . Previous studies examining the gene-environment interaction have yielded equivocal results. Some studies found that aspects of the social environment moderate the relationship of genetic predisposition and cognitive functioning (Corsentino, Sawyer, Sachs-Ericsson, & Blazer, 2009 ), whereas others have not (Zhao et al., 2005) . We investigate the interaction of genetic predisposition and environmental factors for cognitive well-being to understand the complex ways these risk factors contribute to dementia symptoms.
Social Connectedness and Dementia
The current study examines the association between social connectedness, social isolation, and cognitive well-being, following a model by Cornwell and Waite (2009) . The social environment is conceptualized into objective (social connectedness) and subjective (perceived social isolation) components. Social connectedness includes living arrangements, size of social networks, and engagement in social activities. Perceived social isolation includes perceptions of The Gerontologist cite as : Gerontologist, 2017 , Vol. 57, No. 6, 1031 -1040 doi:10.1093 Advance Access publication January 24, 2017 social support, as well as feelings of loneliness (Cornwell & Waite, 2009) .
Having a limited social network, such as having few or no friends or relatives, is associated with a greater risk of dementia (DiMarco et al., 2014) . Studies of German and Swedish older adults demonstrate that persons with a larger social network have a lower risk of developing dementia (Seidler, Bernhardt, Nienhaus, & Frolich, 2003) . Women with larger social networks, including larger family networks, and those who have more frequent contact with members of their social networks have a lower risk of dementia (DiMarco et al., 2014) .
Social engagement is defined as formal social activity, such as church attendance, volunteering, and work, and informal social activity, such as getting together with friends and family and group recreation. In a study of Swedish older adults, participating in more social activities is associated with a lower risk of cognitive decline among those with and without the APOE e4 allele (Wang, Karp, Winblad, & Fratiglioni, 2002) . Frequency of participation in social activities (Middleton & Yaffe, 2010) and participation in more social activities may serve a protective role against cognitive decline (Zunzunegui, Alvarado, Del Ser, & Otero, 2003) . The mechanisms through which the social context may relate to cognitive functioning are discussed in greater detail in the section "APOE Gene-Social Environment Interaction."
Research findings for the relationship between marital status and living alone with dementia risk are equivocal (DiMarco et al., 2014) . Adults in France who were never married were at significantly greater risk of developing either Alzheimer's disease or another type of dementia (Helmer et al., 1999) . Married persons have a lower risk of all-cause dementia than those who are not married, although some studies find living alone (not married) does not have a significant relationship with variability in levels of cognitive well-being (Yeh & Liu, 2003) .
Perceived Isolation and Dementia
Perceived isolation refers to feelings of loneliness and perceptions of social support (Cacioppo, Hawkley, Norman, & Berntson, 2011) . Individuals may be socially connected, yet also feel socially isolated. Conversely, some individuals appear socially disconnected yet they do not experience feelings of social isolation (Cornwell & Waite, 2009) . Loneliness is defined as the discrepancy between one's desired level of social contact and one's actual level of contact, whereas perceived social isolation is conceptualized as the absence of or feeling a lack of social support (Hawthorne, 2008) .
Previous research yields mixed results regarding the relationship between perceived isolation and cognitive function. A study of adults aged 50 years and older in England finds that both social isolation and loneliness are associated with poor cognitive function, particularly for measures of memory (Shankar, Hamer, McMunn, & Steptoe, 2013) . Yeh and Liu (2003) report that older Taiwanese respondents who perceive having social support available to them demonstrate better cognitive function than respondents who do not perceive this support to be available. However, they find no significant relationship between feeling lonely and cognition (Yeh & Liu, 2003) . Other research indicates that respondents who report feeling lonely have more than twice the risk of developing Alzheimer's disease as compared with individuals who do not feel lonely (Wilson et al., 2007) . Holwerda and colleagues (2012) report that feelings of loneliness, but not objective measures of social isolation, are associated with an increased risk of dementia among older adults in the Netherlands. Because these studies often did not examine genetic risk in relation to loneliness or social support due to data limitations, it is unclear what role the social environment has on the relationship between genetic risk and cognitive health. Presence of the APOE e4 allele is a risk factor, but not a deterministic factor, for the development of dementia. Environmental factors play a role in the manifestation of disease symptoms among people who are genetically predisposed to dementia. Thus, social context should be considered when examining the APOE gene relationship to cognitive functioning.
APOE and Dementia
The APOE e4 allele is the strongest genetic risk factor for late onset Alzheimer's disease and is associated with an earlier age at onset (Bekris et al., 2010; Liu, Kanekiyo, Xu, & Bu, 2013) . In addition, this allele is associated with an increased risk for other types of dementia (Borenstein et al., 2010) and mild cognitive impairment (MCI) (Brainerd, Reyna, Petersen, Smith, & Taub, 2011; Liu et al., 2013) . Individuals with MCI who also have the e4 allele are at greater risk of progressing to Alzheimer's disease than those without the allele (Petersen et al. as cited in Liu et al., 2013) . APOE is associated with the transport of lipids and cholesterol, neuroplasticity, neurogenesis, and inflammation response in the brain, all of which may contribute to the manifestation of disease symptoms (Yu, Tan, & Hardy, 2014) . The APOE e4 allele is also associated with higher amyloid-β levels, which contribute to plaques in the brain associated with Alzheimer's disease and higher lipid and cholesterol levels that increase the risk of atherosclerosis and heart conditions (Liu et al., 2013) , such as heart attack or stroke (Fillenbaum, Blazer, Burchett, Saunders, & Taylor, 2002) .
APOE e4 is associated with the hippocampal damage observed in individuals with Alzheimer's disease (Liu et al., 2013) . Individuals with the e4 allele who do not have cognitive impairment exhibit faster age-related loss of hippocampal volume than those without the e4 allele (Liu et al., 2013) . Hippocampal atrophy is one of the biomarkers identified by the NIA-Alzheimer's Association workgroup that reflects neuronal injury in individuals with Alzheimer's disease (Albert et al., 2011) .
APOE Gene-Social Environment Interaction
Several studies examine the interaction of the social context with the APOE e4 allele. Zhao and colleagues (2005) do not find socioeconomic status to moderate the relationship of APOE e4 with cognition. Corsentino and colleagues (2009) find that although both depression and the APOE e4 allele were associated with a greater risk of cognitive difficulty, the relationship between the e4 allele and cognition was greater among those with depressive symptoms. Seeman and colleagues (2005) find the protective effect of higher education levels to be diminished in individuals with the APOE e4 allele.
Studies support a relationship between the social environment and the limbic and cortical systems of the brain, which are associated with memory (Bennett, Schneider, Tang, Arnold, & Wilson, 2006) . The stress hypothesis posits that a poor social environment can adversely affect human physiology. High levels of stress hormones, such as cortisol, disrupt the adrenocortical axis which can damage the hippocampus, particularly over extended periods of time (Fratiglioni, Paillard-Borg, & Winblad, 2004) . The hippocampal damage associated with the APOE e4 allele puts individuals with this allele at greater risk of Alzheimer's disease. These individuals may be more likely to manifest disease symptoms if they also suffer from hippocampal damage due to the social environment. Thus, we expect the following among older adults with the e4 allele: (i) individuals who experience greater social connectedness and less perceived social isolation should be less likely to demonstrate cognitive impairment and dementia and (ii) individuals with richer social environments will have better cognitive health.
Design and Methods

Data Source and Study Sample
This study examined data from the Aging, Demographics, and Memory Study (ADAMS) module of the Health and Retirement Study (HRS, 2009) (Langa et al., 2005) .
Data from the ADAMS module were linked to the 1998 wave of the HRS to analyze risk factors, including social environment characteristics (HRS, 2003) . A combination of the original data available from the HRS and cleaned versions of the HRS data provided by the RAND Corporation were used in the analysis (RAND HRS Data, 2010). The HRS is sponsored by the National Institute on Aging (grant number NIA U01AG009740) and is conducted by the University of Michigan. Using variables from the 1998 wave allowed for a cross-sectional analysis with lagged independent variables.
Measures
Dependent Variable
Cognitive diagnosis was based on an extensive cognitive evaluation performed by nurses and neuropsychology technicians (HRS, 2009) . Assessments resulted in three diagnostic categories: normal cognition, cognitive impairment not demented (CIND), and demented, with 31 possible subcategories within these three categories (Langa et al., 2005) . CIND is a broad term for the "intermediate state between normal cognitive functioning and dementia" (Plassman et al., 2007, p. 129) and is not necessarily associated with memory loss. CIND refers to having some cognitive difficulty, although not severe enough to warrant a diagnosis of dementia. MCI often refers to prodromal Alzheimer's disease and is associated with memory loss (Petersen et al., 2009) . MCI is included as one of the subcategories of CIND. Probable Alzheimer's disease and possible Alzheimer's disease were subcategories of the general category "demented." These two subcategories were combined into one category, Alzheimer's disease. Four diagnostic categories were included in the outcome variable: normal cognition, CIND, Alzheimer's disease, and non-Alzheimer's dementia.
Social Environment Variables
Family network size was assessed by summing the number of children, grandchildren, and siblings reported by respondents. Top-coding was employed to account for outliers at the 95th percentile and higher (37 or more family members).
Social engagement was measured as participation in volunteer activities in the previous 12 months, provision of unpaid help to friends, neighbors, and nonresident relatives in the previous 12 months, and current work status. This was a count variable with a value of "1" for each response (range 0-3). The remaining measures of social connectedness included marital status and living arrangements. These were combined to create a marital status and living arrangements variable. The categories included married, living with others, not married, living with others, and not married, living alone. All married respondents lived with others (whether with a spouse or someone else) and these are referred to collectively as "married."
Perceived availability of social support was assessed by asking respondents, "Suppose in the future, you needed help with basic personal care activities like eating or dressing. Do you have relatives or friends (besides your husband/besides your wife/besides your partner/...) who would be willing and able to help you over a long period of time?" Answering "yes" to this question was considered a positive perception of availability of social support and assigned a value of 1. Those already receiving support were also assigned a value of 1.
Following from Cornwell and Waite's study (2009), loneliness was based on a single item taken from the abbreviated Center for Epidemiologic Studies Depression Scale (CES-D 8) that asked whether participants felt lonely in the previous week. A value of "1" was assigned to individuals who reported feeling lonely and "0" to those who did not feel lonely. This question was not asked of proxy respondents and thus analyses including this variable were conducted among self-respondents only.
APOE Variable
APOE e4 allele presence was assessed using a buccal, or cheek, swab. The three categories included in the APOE variable were no e4 alleles, one e4 allele, and two e4 alleles. The number of e4 alleles was considered important to include because having two e4 alleles was associated with a greater risk of Alzheimer's disease compared with having one e4 allele (Bekris, et al., 2010) . Preliminary regression results revealed that respondents with the APOE e4 allele were at greater risk of being diagnosed with Alzheimer's disease than persons with no e4 allele. Respondents who had two of the e4 alleles were at even greater risk of being diagnosed with Alzheimer's disease than those with one e4 allele. A Wald test demonstrated that the three-category variable of APOE was statistically significant, thereby substantiating the need for identifying the differences found among those with no e4 alleles, one e4 allele, or two e4 alleles (p = .036). Given these results, the three-category APOE variable was included in the regression models.
Covariates
Cognitive status in 1998 for self-respondents was based on answers to the Telephone Interview for Cognitive Status index, including immediate word recall, delayed word recall, and the serial 7's test (range 0-35), where a higher score was indicative of higher cognitive function. Respondent cognition based on interviews with proxy respondents were assessed using the shortened Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE). The IQCODE consisted of 16 items with a maximum possible score of 5.00. A higher score was indicative of lower cognitive function on the proxy measure (Heeringa et al., 2009) . The HRS created a scoring system for both the proxy cognitive measure and the self-respondent cognitive measures to allow for uniform and joint categorization of cognitive status when both measures are combined. Based on these thresholds, cognitive status at baseline was categorized as low functioning, borderline, low normal, medium normal, and high normal. Self-respondents with scores of 0-8 and those with a proxy with scores ranging from 3.90 to 5.00 were classified as low functioning. Borderline scores for self-respondents ranged from 9 to 11 and proxy respondent scores ranged from 3.35 to 3.89. A score of 12-16 for self-respondents and a score of 3.10-3.34 for respondents with a proxy were categorized as low normal. Selfrespondents with a score of 17-20 and respondents with a proxy with a score of 1.00-3.10 were classified as medium normal. High normal scores ranged from 20-35 for selfrespondents. There was no corresponding score provided for high normal among individuals with a proxy respondent. To account for small cell sizes and to promote parsimony in the regression models, these categories were then dichotomized into medium normal/high normal cognitive status and low functioning/borderline/low normal.
Gender was coded as 1 = female. Age was recorded in years (range 70-110 years). Education was dichotomized into less than 12 years and 12 or more years of education. Due to small sample sizes, race and ethnic status were dichotomized into two groups, non-Hispanic Whites and "other race," which included non-Hispanic Blacks and Hispanics (any race).
Depressive symptomatology was measured using the CES-D 8, with seven of the eight items included ("feelings of loneliness" was excluded; alpha = .74). A dichotomous cerebrovascular disease variable was based on being diagnosed with at least one of these conditions: high blood pressure, diabetes, heart condition, or stroke. A dichotomous physical activity variable was based on engaging in vigorous activity or exercise at least three times per week coded as "1" and less or no activity coded as "0." Proxy respondent status was coded as "1" and self-respondent status as "0." Number of years from baseline interview (1998) to the time of the ADAMS initial assessment (2001) (2002) (2003) was included.
Interaction Terms
Interaction terms for genetic predisposition (APOE) and the social environment were created to test whether aspects of the social environment moderated the relationship of the APOE e4 allele with cognitive diagnosis. A dichotomous version of the APOE variable was used with each of the social environment variables, where "1" indicated presence of any e4 alleles and "0" indicated no e4 alleles. Moderating effect terms were created in two different ways. First, crosstabulations were performed for the dichotomous APOE variable with the social environment categorical variables. A dummy variable was then created to represent each cell within this matrix. These dummy variables were included in the regression model, where the largest category included respondents without the e4 allele (reference group). Second, interaction terms for social environment count variables were created by multiplying the continuous social environment variables by the dichotomous version of the APOE variable.
Analytic Strategy
RAND variables were used when they were available because RAND imputed missing values. Cases with missing data from the HRS core questionnaire and from the ADAMS file (APOE, number of grandchildren, helping friends, social support, and baseline cognitive score) were excluded from the study (77 cases). This yielded 779 cases from the original 856 respondents whose cognitive assessments were completed (91% case retention). Data were adjusted with respondent weights produced for the ADAMS sample. Tests for multicollinearity revealed no bias in the regression results.
Multinomial logistic regression was employed to estimate the models. A Wald test was used to determine whether the addition of interaction terms improved model fit over the main effects models. The results of the regression analyses were reported as relative risk ratios (RRRs) with robust standard errors.
Results
A description of the study sample is presented in Table 1 . Cognitive diagnosis was represented by approximately one third of the sample for each of the main categories, normal cognition (36.8%), CIND (28.4%), and some type of dementia (34.8%). About 28% had at least one APOE e4 allele. The sample was primarily non-Hispanic White (71.8%), women (58.0%), and lived in the community (90.1%). Most respondents reported 12 or more years of education (66.1%). Almost half of the sample was married (48.0%) and about half of the sample was not socially engaged (44.8%). Most participants reported they expected social support was available to them (59.3%), with one fourth of self-respondents reporting "feeling lonely" (25.2%).
Results of the multinomial logistic regression analyses for the main effects models are reported in Table 2 . Older adults with one e4 allele have about two and a half times the risk of Alzheimer's disease (RRR = 2.645, p = .005), whereas those with two e4 alleles have 22 times the risk of Alzheimer's disease (RRR = 21.989, p = .000). There was a marginally statistically significant risk for other types of cognitive difficulty associated with the e4 allele (nonAlzheimer's dementia = 2.106, p = .059; CIND = 3.735, p = .062). Older adults with the e4 allele had two times the risk of other types of dementia, such as vascular dementia and Parkinson's dementia. Respondents who were not married, living alone had six times the risk of non-Alzheimer's dementia than those who were married (RRR = 5.814; p = .000). Being more socially engaged was associated with a lower risk of each type of cognitive difficulty (CIND = 0.674, p = .018; non-Alzheimer's dementia = 0.268, p = .000; Alzheimer's disease = 0.529, p = .002). Self-respondents who reported feeling lonely had twice the risk of experiencing CIND (RRR = 1.928, p = .049).
Findings for models with interaction terms are reported in Tables 3-5 (only statistically significant relationships are discussed). The results for the interaction of living arrangements and the APOE e4 allele for cognitive health are found in Table 3 . The inclusion of the interaction The results for the interaction of perceived social support and the APOE e4 allele are presented in Table 4 . Perceived social support moderated the relationship between the e4 allele and cognitive status, improving model fit (Wald statistic = .041). Compared with respondents expecting social support, and who did not have the e4 allele (reference group), respondents with the e4 allele, who believed social support was available to them in the future, were at greater risk of Alzheimer's disease (RRR = 3.427, p = .015). Compared with the same reference group, respondents Notes: CIND = cognitive impairment not demented; RRR = relative risk ratio; SE = robust standard error. n = 779. Model was adjusted for baseline cognitive status, cerebrovascular disease, physical activity, race, age, education, gender, proxy status, and time since baseline. a Reference group = normal cognition. Reference group = married without the e4 allele.
with the e4 allele, who did not perceive social support, were also at greater risk of Alzheimer's disease (RRR = 4.327, p = .003). In other words, compared with the reference group, the risk of being diagnosed with Alzheimer's disease was 20.8% greater for those who did not expect social support compared with those who did expect social support among respondents with the e4 allele. Finally, compared with respondents who did not have the e4 allele and who expected social support, respondents who had the e4 allele and who did not expect social support had a greater risk of non-Alzheimer's dementia (RRR = 2.792, p = .046).
The results for the loneliness and APOE e4 interaction are reported in Table 5 (self-respondents only). The interaction of feelings of loneliness with the APOE e4 variable improved model fit over the main effects only model (Wald statistic = .007). Compared with respondents who reported not feeling lonely and who had no e4 allele, selfrespondents who reported not being lonely but had the e4 allele had more than three times the risk of Alzheimer's disease (RRR = 3.406, p = .002). Compared with the reference group, those with the e4 allele who reported feeling lonely had five times the risk of CIND (RRR = 5.027, p = .008) compared with normal cognition. Further, compared with those who did not feel lonely and who did not have the e4 allele, those who felt lonely and had the e4 allele had a marginally higher risk of Alzheimer's disease (RRR = 2.668; p = .095). The interaction of social engagement and family network size variables with the APOE e4 variable did not significantly improve model fit (results available upon request).
Discussion
Consistent with previous studies (Yeh & Liu, 2003) , we found that not married, living alone was associated with a greater risk of non-Alzheimer's dementia when compared with persons who are married. Self-respondents who reported feeling lonely were also at greater risk of cognitive difficulty compared with those not reporting loneliness. Being more socially engaged was associated with less risk of any type of cognitive difficulty. These findings supported the main effects hypotheses that a richer social environment is associated with less risk of cognitive decline and presence of the APOE e4 allele was related to poorer cognitive health. Overall, the genetic risk was stronger for Alzheimer's disease than for other types of dementia or cognitive difficulty. The e4 allele and being less socially engaged were independently associated with a greater risk of Alzheimer's disease.
We also hypothesized that the social environment would modify the relationship between the APOE gene and cognitive functioning. Among respondents with the e4 allele, those who were not married, living alone had more than nine times the risk of non-Alzheimer's dementia as those who were not married, living with others, or who were married. Contrary to other research that suggested being married reduces the risk of Alzheimer's disease (Yeh & Liu, 2003) , we found that married respondents with the e4 allele had a significantly greater risk of Alzheimer's disease and a marginally greater risk of CIND compared with married respondents without the e4 allele. Even among those with the e4 allele, married respondents were at greater risk of CIND and Alzheimer's disease. This may indicate that the potential benefits derived from being married were not sufficient to mitigate the risk of Alzheimer's disease in respondents with the e4 allele. Being able to evaluate the APOE gene risk in combination with the social environment is a contribution of this study.
Respondents who had the e4 allele and did not perceive social support were at significantly greater risk of non-Alzheimer's dementia and Alzheimer's disease than respondents who did not have the e4 allele and who perceived social support. Further, among respondents with the e4 allele, those who perceived social support were at less risk of Alzheimer's disease than those who did not perceive social support. This may indicate that the risk of Alzheimer's disease associated with the e4 allele was exacerbated among respondents who did not believe that support was available or that the benefit of believing support is available was not sufficient to offset the genetic risk. Nevertheless, the level of Alzheimer's disease risk among those with the e4 allele who believed they had social support was less than those who did not believe they had support. This may indicate that although the risk of the e4 allele was not eliminated, having a supportive social environment potentially serves a protective role.
Previous research demonstrated an equivocal relationship between loneliness and cognitive function (Holwerda et al., 2012; Shankar et al., 2013) . In our main effects models, having two e4 alleles was associated with a marginally significant risk of CIND and self-respondents who felt lonely were at greater risk of CIND than those who did not feel lonely. Results from the interaction models revealed that respondents with the e4 allele who were lonely were at greater risk of CIND than respondents who were not lonely. This may indicate a compounded effect where symptoms of cognitive decline are more likely to manifest in someone with the e4 allele who also feels lonely. Also, respondents with the e4 allele who were not lonely were at greater risk of Alzheimer's disease than those who were lonely. The risk of Alzheimer's disease associated with the e4 allele may be greater than the potential benefit derived from not feeling lonely.
Overall, the risk of cognitive difficulty associated with the APOE e4 allele was greater in respondents who also had a less robust social environment. The benefits of a rich social environment, such as being married, may not have been sufficient to offset the genetic risk for poor cognitive function. Nevertheless, believing social support was available had a protective effect among people with the e4 allele. Thus, although the genetic risk was still present when respondents had a richer social environment, the risk was reduced compared with respondents with a poorer social environment.
Limitations of this study included its cross-sectional design and the use of observational measures of the social environment and covariates and omitted variable bias, which precluded the ability to identify causal relationships. Although large as compared with many clinical studies, the relatively small size of the study sample may have resulted in a reduction in statistical power. There were also limitations regarding the social environment measures, such as feelings of loneliness, based on a single indicator, and the inability to examine relationship quality.
Implications
The findings from this study suggest that the social environment is an important factor to consider when developing social policy in the United States. Policies should be developed to promote time for working aged adults to engage socially with family and friends, similar to the German labor law that limits the number of hours employees work in a week (Jung, 2001 ). More employers can implement policies that encourage employees to volunteer in later life. Although these policies could help individuals at risk of social isolation, if employees choose to volunteer in this capacity, it can also develop a culture of volunteerism earlier in life carrying through into later life. Additionally, long-term services and supports providers create institutional cultures that have a profound influence on the quality of life experienced by residents (Achterberg, et al., 2003; Cassie & Cassie, 2012) . Providers can place greater emphasis on promoting social connectedness and minimizing social isolation by getting to know residents' social preferences and designing ways to support these preferences to integrate them into the social fabric of the facility and community (person-centered care). They could also ensure that spaces exist within a nursing home that facilitate spontaneous social interaction.
Findings also have implications for genetic testing and counseling for Alzheimer's disease. Although predictive testing for Alzheimer's disease using APOE genotyping is not currently recommended clinically (Goldman et al, 2011) , it is of considerable interest to family members of Alzheimer's disease patients and has been successfully implemented in controlled research settings (Roberts, Christensen, & Green, 2011) . APOE testing is now also being used to identify high-risk individuals for Alzheimer's disease prevention trials, with APOE status disclosed to eligible participants (Alzforum Networking for a Cure, 2014). Our findings suggest that discussions of APOE's implications for Alzheimer's disease risk may benefit from including information about how an enriched social environment can mitigate the effects of e4 status.
